Yolk sac tumors occur at both gonadal and extra-gonadal sites. A recent case of ovarian endometrioid-pattern yolk sac tumor with strong diffuse expression of TTF-1 illustrated the potential for misdiagnosis due to divergent expression of endodermal lineage markers. The aim of this study was to investigate the expression of four divergent endodermal lineage markers, TTF-1, CDX2, Hep Par 1, and Napsin A, in gonadal and extra-gonadal yolk sac tumors of differing age, sex, and location (excluding foci of overt hepatoid differentiation). We identified 26 cases (5 ovarian, 15 testicular, and 6 extra-gonadal) containing yolk sac tumor as identified by typical histology and confirmed by positive immunohistochemical staining for alpha-fetoprotein and glypican-3. Mixed or ambiguous foci were confirmed by immunohistochemistry (SALL4 positive and Oct-4 negative). The relative proportion of three histologic patterns: reticular/cystic, solid/myxoid, and glandular was estimated. Percent positivity for the four divergent endodermal lineage markers was compared within yolk sac tumor areas according to site, age group, and histologic pattern. High-level (425%) staining for one or more divergent endodermal lineage markers was seen in eleven cases: Hep Par 1 in seven cases, all post-pubertal, TTF-1 in four cases, two ovarian and two extra-gonadal, and CDX2 in three cases, with no age or site predilection. No case highly expressed all three divergent endodermal lineage markers, but four co-expressed high levels of two markers: two ovarian yolk sac tumors with TTF-1 and Hep Par 1, one testicular yolk sac tumor with CDX2 and Hep Par 1, and one extra-gonadal yolk sac tumors with TTF-1 and CDX2. While no absolute correlation of high-level divergent endodermal lineage marker expression with histologic subtype was observed, TTF-1 and CDX2 expression was predominantly seen in reticular/cystic and glandular areas while Hep Par 1 was most frequent in myxoid/solid and glandular areas.
Yolk sac tumors are malignant germ cell tumors of primitive endodermal differentiation. They can arise as pure tumors or mixed with other germ cellderived elements in male or female gonads or at extra-gonadal sites, generally along the midline (eg, mediastinum, retroperitoneum, and sacrum). [1] [2] [3] [4] [5] Yolk sac tumor is the third most common form of germ cell tumor in the ovary (after teratoma and dysgerminoma) and is a common component of mixed malignant germ cell tumors of the adult testis. Most ovarian yolk sac tumors occur as pure neoplasms with no age predilection (pre-pubertal vs post-pubertal), whereas pure testicular yolk sac tumor is rare in adults but the most common malignant testicular germ cell tumor in children ≤ 2 years of age. [6] [7] [8] [9] Extra-gonadal yolk sac tumors often arise as small foci in a background of immature teratoma, most commonly in children in the sacrococcygeal region, but can occur at older ages in many locations with mediastinum and pituitary representing other frequent sites.
Correct identification of yolk sac tumor or a yolk sac tumor component within other germ cell tumors is extremely important because it usually augurs an aggressive clinical course, requires distinct chemotherapeutic regimens, and is associated with expression of alpha-fetoprotein, which may be used as a circulating tumor marker to monitor therapy and detect recurrence. However, yolk sac tumor elements can be very small and demonstrate a wide variety of histological patterns that can be overlooked in teratomas or mixed malignant germ cell tumors.
A second issue, arising from their primitive endodermal differentiation, is that yolk sac tumors can express a number of antigens more commonly associated with tumors arising in differentiated organs of endodermal origin (eg, lung, thyroid, and gastrointestinal tract). [10] [11] [12] [13] [14] [15] Such divergent endodermal lineage marker expression can potentially lead to misinterpretation or delays in diagnosis, especially with small biopsy specimens. In this study, we undertook a systematic evaluation of the frequency, extent, and patterns of expression of four divergent endodermal lineage markers (TTF-1, CDX2, Hep Par 1, and Napsin A), in gonadal and extragonadal yolk sac tumors of both children and adults.
Materials and methods

Study Design and Patient Selection
Cases accessioned between 1999 and 2013 with a diagnosis of yolk sac tumor were retrieved from the surgical pathology files at University Hospitals Case Medical Center. Only patients with surgery at this institution were included (no outside consults) and complete slides and blocks were available for all cases. Hematoxylin and eosin-stained slides and previously performed immunohistochemical stains were reviewed to confirm the pathologic diagnosis of yolk sac tumor. In some cases, immunohistochemical stains were repeated due to poor technical quality in the originals. All slides were separately evaluated by two pathologists (RR and HH). In cases of disagreement, consensus was achieved by reviewing slides together at a dual headed microscope. A total of 26 yolk sac tumors had archival formalinfixed, paraffin-embedded tissue blocks available for further study: five ovarian, fifteen testicular, and six extra-gonadal. Six cases were from young children (pre-pubertal, o 12 years old) and twenty from teenagers or adults. Study approval was obtained from the University Hospitals Case Medical Center Institutional Review Board.
Immunohistochemistry
All cases were evaluated for the following immunohistochemical markers: octomer-binding factor 4 (Oct-4), spalt-like transcription factor 4 (SALL4), alpha-fetoprotein (AFP), glypican-3 (Glyp-3), thyroid transcription factor-1 (TTF-1), caudal type homeobox 2 (CDX2), hepatocyte paraffin 1 (Hep Par 1), and Napsin A. All staining was performed by the Immunohistochemistry Laboratory of the University Hospitals Case Medical Center. Briefly, unstained 4 μm sections on whole charged slides were prepared from paraffin blocks and baked for 30 min at 60°C in a Boekel Lab oven. For AFP (Clone C3, Leica Biosyolk sac tumorems, Bannockburn, IL), TTF-1 (Clone SPT24, Leica), SALL4 (clone 6E3, Cell Marque, Rocklin, CA), Napsin A (Rabbit polyclonal, Cell Marque) and Hep Par 1 (Clone OCH1E5, Cell Marque), the slides were processed using a Bondmax (Leica) automated immunostainer. These slides were deparaffinized and antigen retrieved with Bond Epitope Retrieval Solution 1 (Leica) and a citratebased solution (pH 6.0) at 100°C for TTF-1 (20 min) and Hep Par 1 (15 min). Antigen retrieval for SALL4 and Napsin A was done with Bond Epitope Retrieval Solution 2 (Leica) and an EDTA-based solution (pH 9.0) at 100°C, for 20 min. For AFP, antigen retrieval was not performed. All primary antibodies were incubated for 15 min at room temperature and subsequently counterstained onboard with the automated instruments. The Bond Polymer Refine Detection (Leica) was used for these assays. For CDX2 (Clone EPR2764Y, Cell Marque) and Glyp-3 (Clone GC33, Ventana Medical Syolk sac tumorems, Tucson, AZ), slides were processed using a Bench Mark Ultra Automated Immunostainer (Ventana). These slides were deparaffinized, antigen retrieved for 36 and 64 min respectively for Glyp-3 and CDX2 with Cell Conditioning 1 (Ventana), a Tris-based buffer with a slightly basic pH solution at 95°C. All primary antibodies were incubated for 15 min at 37°C and subsequently counterstained onboard with the automated instruments. The ultra View Universal DAB Detection Kit (Ventana) was used for these assays.
Yolk sac tumor areas were defined by histology and confirmed by expression of AFP and Glyp-3. In problematic cases, yolk sac tumor was distinguished from other germ cell tumor types by positive staining for SALL4 and negative staining for Oct-4. Relative percentages within the yolk sac tumor component of three major histologic subtypes were assessed: reticular/cystic (including parietal, endodermal sinus, papillary, and labyrinthine variants), solid/ myxoid, and glandular (enteric, endometrioid, or alveolar subtypes). Percent positivity for the primitive endodermal markers AFP and Glyp-3 and the mature endodermal markers TTF-1, CDX2, Hep Par 1, and Napsin A was compared within yolk sac tumor areas according to site, age group, and histologic pattern. Three groups were distinguished based on percentage positivity of tumor cells: absent to o 5% positive, 5-24% positive, and ≥ 25% positive. Percentage positivity of 25% or more was arbitrarily considered as high-level positive staining.
Results
The clinical and pathologic features of our 26 cases of yolk sac tumor are summarized in Table 1 . Patients ranged in age from 3 months to 42 years at diagnosis. Cases were separately analyzed by site (5 ovarian, 15 testicular, and 6 extra-gonadal) and age (6 pre-pubertal and 20 post-pubertal). Three cases were lymph-node metastases; two derived from known testicular primaries, the other a supraclavicular lymph node from an unknown primary tumor. The remainder were primary tumors. All ovarian cases were post-pubertal. One of 15 testicular cases was pre-pubertal. Five of the six extragonadal yolk sac tumors were pre-pubertal; four arising in the sacrococcygeal region and the other in the nasal cavity. All testicular yolk sac tumors arose within mixed malignant germ cell tumors, while 8 of the 11 tumors from other sites were pure yolk sac tumors. The remaining three mixed cases were in a background of immature teratoma (two adult ovarian and one pre-pubertal extra-gonadal). Microscopically, 16 cases showed a predominant (≥75%) reticular/microcyolk sac tumoric pattern. Three of the remaining cases were predominantly glandular and three had a substantial (≥50%) solid/ cystic component. The other three cases were more heterogeneous. Extra-gonadal cases were predominantly reticular/cystic with lesser components of myxoid/solid pattern and none showed more than a focal glandular pattern. A predominant glandular pattern was seen in three cases, one ovarian (endometrioid-type) and two testicular (enteric-types). No areas of alveolar type glandular, polyvesicular vitelline, or overt hepatoid differentiation were identified. For the purposes of this study, the term reticular/cystic encompassed all of the minor variants sometimes grouped under the heading 'classic pattern' (see Materials and methods).
All yolk sac tumors expressed SALL4, AFP, and Glyp-3, SALL4 diffusely staining all cells. Ambiguous foci and the extent of yolk sac tumor in mixed malignant germ cell tumors were defined by positivity for SALL4 and negativity for Oct-4. This differential staining profile correlated well with histologic features in the more classical areas of yolk sac tumor and was useful in distinguishing yolk sac tumors from embryonal carcinoma, choriocarcinoma, and immature teratoma, particularly in mixed malignant germ cell tumors of the testis. Mean percent positivity for AFP was highest in prepubertal yolk sac tumors (43 vs 18%), but could be very focal ( o 5% in five cases). Glyp-3 was more consistently expressed with a mean percent positivity of around 30% at all ages and in all locations.
Four antigens reflecting possible divergent endodermal lineage markers expression, TTF-1, CDX2, Hep Par 1, and Napsin A, were assessed by immunohistochemical staining in each case. Only one case showed positive staining for Napsin A (a postpubertal testicular tumor with weak staining in 3% of cells) and this marker will not be further discussed. The percentage of yolk sac tumor cells staining positively for each endodermal lineage marker in individual cases is shown in Table 1 ; and the proportion of cases showing absent to low (≤5% positivity), intermediate (6-24% positivity), and high (≥25% positivity) level expression for each marker by site of origin is summarized in Table 2 . High-level expression for at least one divergent endodermal lineage marker was observed in eleven cases (3/5 ovarian, 5/15 testicular, and 3/6 extragonadal). Absent to low level expression for all endodermal lineage markers was seen in eight cases (5/15 testicular and 3/6 extra-gonadal). All ovarian tumors showed intermediate to high-level expression of at least one endodermal lineage marker.
High-level TTF-1 staining was limited to ovarian and extra-gonadal yolk sac tumors (2/5 each). Level and intensity of staining were sufficient to cause diagnostic uncertainty for some tumors. For example, case 5 ( Figure 1 ) was a predominantly glandular ovarian tumor (85%) in a 31-year-old female. A panel of immunostains showed co-expression of cytokeratin and TTF-1 (strong nuclear staining in 70% of cells) raising the possibility of malignant struma ovarii, metastatic pulmonary or thyroid neoplasms, or TTF-1-positive ovarian endometrioid carcinoma. Positive staining for SALL4, AFP, and Glyp-3 plus negative Oct-4 allowed a specific diagnosis of pure ovarian yolk sac tumor. Interestingly, additional staining for the purpose of this study also revealed high-level Hep Par 1 expression (weak-moderate cytoplasmic staining in 90% of Figure 2 ). Diagnosis at intraoperative consultation was poorly differentiated malignancy favor rhabdomyosarcoma. Given the rarity of carcinomas in children, epithelioid features on permanent sections led to staining for AFP and a diagnosis of extra- Figure 1 Ovarian yolk sac tumor with endometrioid glandular pattern (case 5). Thirty-one-year-old female with right ovarian mass (20 × 16 × 9 cm) and multiple nodular lesions on peritoneal surfaces of liver, bladder, and omentum. (a) Elongated tubular glands with moderate to severe nuclear atypia in a loose fibromyxoid stroma (H&E), (b) diffuse strong cytoplasmic staining for CAM 5.2 low molecular weight cytokeratins, (c) diffuse strong nuclear staining for TTF-1, (d) weak-moderate diffuse apical cytoplasmic staining for Hep Par 1, (e) diffuse strong nuclear staining for SALL4, and (f) patchy moderate-strong cytoplasmic staining for AFP (×200, all images).
Modern Pathology (2016) 29, 1278-1288
Endodermal markers in yolk sac tumors gonadal yolk sac tumor. However, in a different scenario, the 25% positivity for TTF-1 found in this study could have led to consideration of a pituitary, thyroid, or pulmonary neoplasm. High-level Hep Par 1 staining was never seen in pre-pubertal yolk sac tumors (0/6), but was relatively frequent in older patients (8/20) . Of note, none of the yolk sac tumors in this study showed foci of overt hepatoid differentiation. High-level CDX2 staining was the least common pattern, observed in only one tumor from each site (adult ovary, adult testis, and pre-pubertal extra-gonadal). Case 17 illustrates the potential pitfalls of aberrant Hep Par 1 and CDX2 staining (Figure 3 ). This patient presented with a lymph-node metastasis in the neck region following a prior diagnosis of mixed malignant germ cell tumor of testis. Immunostaining showed highlevel positivity (80%) for both Hep Par 1 (strong cytoplasmic) and CDX2 (weak-moderate nuclear) in reticular/cystic, solid, and glandular areas. Without the clinical history, metastasis from hepatic or gastrointestinal primaries would need to be considered. The correct diagnosis was confirmed by strong co-expression of SALL4 and AFP and negativity for Oct-4.
High-level expression of more than one divergent endodermal lineage marker was seen in four cases. No case showed high-level positivity for all three markers. Two cases co-expressed high-level TTF-1 and Hep Par 1 (both ovarian yolk sac tumor, cases 2 and 5). One case co-expressed high-level TTF-1 and CDX2 (pre-pubertal extra-gonadal yolk sac tumor, case 24) and one case co-expressed high-level CDX2 and Hep Par 1 (lymph node with metastatic testicular mixed malignant germ cell tumor, case 17).
Finally, no invariant associations of divergent endodermal lineage marker expression with histologic subtype were observed. High-level Hep Par 1 staining was predominantly seen in solid and glandular areas, but was occasionally present in reticular/cystic foci (cases 2 and 17). TTF-1 and CDX2 never showed high-level positivity in 
Discussion
The yolk sac is an extra-embryonic structure that has an early role in embryonic nutrition. In some species, Endodermal markers in yolk sac tumors it has a major role in the function of the placenta. In fact, an older term for yolk sac tumor, endodermal sinus tumor, refers to similarities between yolk sac tumor and the yolk sac placenta of rodents. [16] [17] [18] [19] [20] In humans, the yolk sac becomes a vestigial structure after the first trimester sometimes observed on the placental surface. In rare cases, it can give rise to primary yolk sac tumor of the placenta. 21, 22 Primordial germ cells retain the capacity to differentiate along both embryonic and extraembryonic lines. They can give rise to germ celltype neoplasms (embryonal carcinomas, seminoma in testis, and dysgerminoma in ovary), embryonictype neoplasms (immature and mature teratomas in gonadal or extra-gonadal sites), or extra-embryonictype neoplasms. Extra-embryonic trophoblast stem cell differentiation leads to choriocarcinoma, most commonly in the testis, 23 while extra-embryonic endodermal stem cell differentiation leads to yolk sac tumor. [24] [25] [26] [27] [28] [29] [30] The regulation of extra-embryonic endodermal stem cells is only partially understood and involves newly recognized transcription factors, such as GATA-4, GATA-6, SOX 7, and SOX 17. [31] [32] [33] [34] [35] Importantly, extra-embryonic endodermal stem cells have the potential to differentiate along endodermal-like lineages and express mature markers associated with thyroid, lung, liver, and gastrointestinal tract. 36, 37 A number of previous studies have addressed divergent expression of endodermal lineage markers in germ cell tumors, mostly in the testis. Early reports documented that both CDX2 and Hep Par 1 could be expressed in a minority of testicular yolk sac tumors. 38, 39 A subsequent study also found occasional CDX2 expression in other malignant germ cell components including choriocarcinoma, teratoma, embryonal carcinoma, and rarely seminoma. 40 More recent reports have highlighted the differential diagnostic problems arising when CDX2 and/or Hep Par 1 are expressed in somatic-type and glandular forms of yolk sac tumors. [41] [42] [43] Expression of TTF-1 in yolk sac tumor has not been widely studied. One study found no expression in 45 somatic-type yolk sac tumors while a recent review mentions occasional expression in ovarian yolk sac tumors. 7, 41 In this study, yolk sac tumor elements were identified and mapped within gonadal-and extragonadal germ cell tumors occurring in children and young adults. Diagnosis relied on typical histologic patterns and was confirmed with immunohistochemical markers that are sensitive (Glyp-3 and SALL4) and specific (AFP) for yolk sac tumor. Mapping of the exact extent of yolk sac differentiation in mixed malignant germ cell tumors relied on the fact that Oct-4 expression is present in embryonic lineages, but absent in extra-embryonic lineages within yolk sac tumors. Similar to other studies, 7, 44, 45 we found that yolk sac tumors were uniformly 100% positive for SALL4 (high sensitivity) while expression levels for more specific yolk sac tumor markers such as AFP and Glyp-3 were more variable.
TTF-1 is a nuclear protein that regulates transcriptional activity related to organ development and is normally expressed in the adult thyroid, lung, and neurohypophysis. Positive nuclear staining is widely used in the identification of thyroid and pulmonary neoplasms. 46, 47 Importantly, endometrioid-type carcinomas occasionally aberrantly express TTF-1. 48, 49 In this study, we found that a significant number of ovarian and extra-gonadal yolk sac tumors, often with glandular differentiation, strongly expressed TTF-1 in up to 70% of tumor cells. Testicular yolk sac tumors, pure or mixed, never expressed TTF-1 staining in 415% of tumor cells. TTF-1 staining in ovarian yolk sac tumor with endometrioid-type glandular differentiation is in our opinion the most important pitfall illustrated by this study as exemplified by case 5 in Figure 1 .
CDX2 encodes a nuclear transcription factor critical for intestinal embryonic development and is a relatively specific marker of gastrointestinal epithelial tumors (colon, pancreas, stomach). 38, 50, 51 It is also expressed in some ovarian mucinous neoplasms. 52, 53 We found high-level positive staining for CDX2 in three cases, one each from adult ovary and testis and an infant with yolk sac tumor arising in a sacrococcygeal teratoma. Staining tended to be weak to moderate in intensity and restricted to reticular/cystic or glandular regions. However, positivity in glandular foci, especially at unusual sites or in metastatic lesions, could present diagnostic problems in selected patients.
Hep Par 1 recognizes a mitochondrial antigen expressed in mature hepatocytes. It is highly sensitive and relatively specific for tumors of hepatocellular origin. Hep Par 1 is strongly and diffusely expressed in hepatoid yolk sac tumors, where it can help confirm the diagnosis. 54, 55 Despite the absence of frankly hepatoid elements in our cases, Hep Par 1 was the most common endodermal lineage marker showing high expression in yolk sac tumors (8 cases). Intermediate to high-level positive staining for Hep Par 1 was found only in tumors from teenagers and adults. Staining was predominantly restricted to myxoid/solid and glandular areas and usually weak-moderate in intensity. As with CDX2, positivity in glandular tumors could occasionally be problematic in tumors at metastatic sites.
Napsin A is involved in the post-translational processing of surfactant protein B and is found primarily in lung and kidney. It is also expressed in mullerian tumors of clear cell type. 56, 57 It is a useful marker distinguishing pulmonary adenocarcinoma (positive) from squamous cell carcinoma (negative) and can help identify adenocarcinomas of unknown origin as originating in lung. 58, 59 Expression of Napsin A in kidney and mullerian clear cell tumors demonstrates that it is not restricted to tissue of endodermal lineage and we did not find any examples of high-level expression in our study. In selected instances, a pattern of TTF-1 positivity and Napsin A negativity could be useful for distinguishing yolk sac tumor from a pulmonary neoplasm.
Yolk sac neoplasms are usually easily recognized by virtue of their unique histology and clinical presentation (young patients with gonadal and extra-gonadal germ cell tumors accompanied by elevated serum AFP levels). However, occurrence in much older patients is a recognized phenomenon. 60 Several situations are well documented in the literature to be problematic: (a) identification of small foci of yolk sac tumor within otherwise benign extra-gonadal teratomas, usually in infancy. In these cases, AFP and Glyp-3 can highlight the areas of yolk sac tumor differentiation, (b) ambiguous epithelioid foci within mixed germ cell tumors of the testis. In these cases, positivity for SALL4, Glyp-3, and/or AFP combined with negative staining for Oct-4, CD30, beta hCG (human chorionic gonadotropin), and Inhibin can distinguish yolk sac tumor from potential mimics such as immature teratoma, embryonal carcinoma, and choriocarcinoma, and (c) polyvesicular vitelline yolk sac tumor, particularly in the ovary, which can be negative for AFP. In these cases, Glyp-3 and SALL4 can help to make the diagnosis. 10 To these situations, we would add: (d) pure ovarian epithelial yolk sac tumors with an endometrioid glandular pattern in adults with positive cytokeratin and TTF-1 staining, which may be mistaken for endometrioid carcinoma, malignant struma ovarii or metastasis from pulmonary or thyroid neoplasms, (e) pure yolk sac tumors in children and adults arising at unusual sites (eg, nasal cavity; case 22), where high-level TTF-1 could lead one to consider spread from thyroid, pituitary, or pulmonary neoplasms, and (f) distant lymph-node metastases in males with occult primary gonadal germ cell tumors where the yolk sac tumor component may aberrantly express CDX2 and/or Hep Par 1, raising the possibility of metastatic gastrointestinal or hepatocellular neoplasms. Extra-gonadal yolk sac tumors in older patients have also been reported to express CDX2 in some cases. 44 Our study was limited by its retrospective nature and the small number of cases in any one category. Future studies focusing specifically on ovarian tumors with purely glandular morphology and small biopsies with predominantly solid patterns from extra-gonadal sites may provide additional insights. The keys to correct diagnosis in these and other situations are a complete clinical history, consideration of malignant germ cell tumor in the differential diagnosis of all tumors of children and young adults, inclusion of SALL4 in immunohistochemical panels used to interrogate tumors of problematic lineage, knowledge of the many histopathologic variants of yolk sac tumor, and cognizance of the possible range of divergent endodermal lineage marker expression as demonstrated in this study.
